This study aimed to develop an automatic classification system, namely ACTIVE, for generating immediate and individualised feedback on students' reflective entries about their second language (L2) learning experiences. It also aimed to explore students' attitudes towards using the system to support the development of their reflective skills in L2 learning. A total of 466 undergraduate students took part in the study. One hundred and twenty-seven participants were involved in the development phase, where their reflective entries were manually annotated according to a classification framework for critical reflection on L2 learning, and the annotated entries were then used to develop the ACTIVE system. The remaining participants were asked to generate automated feedback reports on their reflective entries for improvement by using the system. To solicit their views towards the system, the participants were administered an online questionnaire and some of them were also invited to attend a semistructured interview. The overall results indicate that the classification accuracy of the system is comparable to that of human annotators. They also suggest that both teacher and machine feedback types have strengths and limitations, highlighting the need to further explore the use of multi-channel, multi-layer feedback in improving students' reflective skills in L2 learning.
Introduction
Reflective writing has been widely used as a pedagogical strategy to help English as a second language (ESL) students develop their critical thinking skills in second language (L2) learning (Hyland, 2003; Scott, 2005) . In the process of reflective writing, students are expected to think about and make sense of the connections between what they have learnt and what they are learning, between what they are doing to learn and why they choose to do it and between what they would like to achieve and what they actually get. This practice provides an opportunity for students to critically reflect on their learning experiences and identify their existing strengths and areas for future development. Research suggests that reflective writing can potentially help ESL students to reinforce their understanding of L2 acquisition, to raise their self-awareness with respect to their L2 learning progress and to apply strategies to improve their L2 proficiency (Baturay & Daloğlu, 2010; Chau & Cheng, 2010) .
Despite the potential of reflective writing for student learning, students' reflective entries are commonly written at a descriptive rather than an analytical level. For example, Lai and Calandra (2007) studied the problems of preservice teachers in their reflection. The results of their study showed that most reflective entries were merely descriptive of an event or experience, suggesting that the preservice teachers had a very limited understanding and practice of critical reflection. Power (2012) found a similar issue with undergraduate students from a university language program. He suggested that a clear framework for critical reflection should be developed to promote students' understanding of reflection and encourage their participation in reflection through scaffolding. In this light, previous studies proposed a number of multi-level framework to evaluate students' reflective writing and then classify their reflective ability in various professions, such as accounting (Bisman, 2011) , healthcare (Smith, 2011) , teaching (Granberg, 2010) and L2 learning (Chau & Cheng, 2012) .
There are two main challenges facing the use of a classification framework to evaluate students' reflection: a great deal of time and effort put into understanding and applying the assessment criteria by teachers and a need for consistency in assessing a large number of reflective entries across multiple teachers (Wade, Abrami, & Sclater, 2005; Wetzel & Strudler, 2006) . Given these challenges, it is worth considering whether existing technology can be adopted to offer immediate and adaptive feedback on students' reflection in a helpful and consistent way. Therefore, the current study was undertaken to meet two objectives: (1) to develop an automatic classification system for generating immediate and individualised feedback on students' reflective entries about their L2 learning experiences; and (2) to explore students' attitudes towards using the system to support the development of their reflective skills in L2 learning. The findings from this study can provide insights into the design of technology-assisted reflective practice and inform the direction of future research in this area.
Related research

Reflective learning
The definition of reflective learning varies considerably across the literature. Dewey (1933) defined reflection as "active, persistent and careful consideration of any belief or supposed form of knowledge in light of the grounds that support it and the further consequences to which it leads" (p. 9). He argued that people learn more from the process of reflecting upon their former experiences and adapting to the environment than from the experience itself. This concept provides a cognitive basis for reflective learning, but with little consideration of learners' emotional aspects. From the perspective of learners, Boud, Keogh, and Walker (1985) considered reflective learning as "those intellectual and affective activities in which individuals engage to explore their experiences in order to lead to a new understanding and appreciation " (p. 19) . In this sense, reflective learning is not just an approach for critically reviewing prior experiences to guide future actions or responses, but also a process of re-examining the experience in order to gain new insights of self and practice (Mezirow, 1998) .
The benefits of reflective learning are widely recognised in the field of education and training, especially in L2 education. To promote reflective practice in L2 learning, reflective writing is one of the most widely used pedagogical strategies (Abednia, Hovassapian, Teimournezhad, & Ghanbari, 2013) . Reflective writing can be described as a piece of students' written work in which they document their thoughts and feelings in response to their personal learning experience in a specific domain or profession. It can also be viewed as a critical analysis of the learning experience and a discussion of its implications for future applications (Chau & Cheng, 2012) . Research indicates that reflective writing offers the potential for students to establish links between new knowledge and existing knowledge (Cochran-Smith & Lytle, 2001) , to reinforce the application of critical thinking skills (Kuiper & Pesut, 2004) , to promote self-evaluation and professional growth (Lee, 2008) and to develop confidence and competence in their organisational and writing skills (Chang & Lin, 2014) .
However, research has also highlighted challenges associated with the implementation of reflective writing in higher education. Chief among them is that students often encounter difficulties in choosing what to write in their reflection. For example, in Lai and Calandra's (2007) study where preservice teachers' difficulties in reflective writing were explored, two themes emerged from the interview data: "struggle in understanding reflection" and "technical and repetitive reflection writing assignments; in most cases, not reflection writing at all" (p. 73). Their study showed that the participants had very little knowledge of reflection and there was a lack of specific requirements and guidance on how to critically examine one's own experiences. The findings are consistent with those of other studies (Greiman & Covington, 2007; Martin, 2005) , underlining the need to help students develop a better understanding of reflection. An issue arising from this is to consider whether introducing a classification framework for reflective skills would be beneficial to students.
Classification frameworks for reflective skills
One research area in reflective writing is to design a classification framework for evaluation of students' reflective skills. Some classification frameworks have been developed for specific domains to distinguish lower-level reflective skills from more-advanced reflective skills. Despite differences in their terminology and presentation, the classification frameworks share a common understanding of what constitutes a low level of reflection (e.g., a mere description of learning experiences) and a high level of reflection (e.g., interpretation and transformation of learning experiences into practice). The frameworks are described below. McNeill, Brown, and Shaw (2010) proposed a framework to evaluate the reflective entries of specialist trainees with varying reflective skills in medical training. The framework classifies a reflective entry into one of the three different levels: the most reflective level (i.e., level 1), the intermediate reflective level (i.e., level 2) and the least reflective level (i.e., level 3). Each level has its own set of descriptors designed by a group of experts in the fields of reflective learning and medical education. Critical thinking, context description, feelings and emotion, literature connection, evidence of learning and action planning are identified as key aspects for assessing the level of a reflective entry. According to the framework, an entry is considered most reflective if it demonstrates a high level of critical analysis with strong evidence of prior learning and with an action plan for future learning. In contrast, an entry is considered least reflective if it is just a mere description of an event with no evidence of learning from the past and no planning for the future. The results of the study indicated that 10% of the trainees' reflective entries were identified as level 1 (most reflective) and nearly one-third were classified into level 3 (least reflective), suggesting that more guidance and support on reflective writing should be available to students.
Hegarty (2011) designed a framework to analyse reflective writing of students undertaking a master's program in teacher education. The framework is represented in a five-level hierarchical structure, where each level corresponds to one of the five categories: descriptive, explanatory, supported, contextual and critical reflection. Descriptive reflection represents the lowest level of the framework. At this level, students simply describe and narrate events in their lives without providing justification for their actions. Explanatory reflection is at the second level, where students analyse their experiences from a personal or professional perspective. The third level, namely supported reflection, refers to a reflective entry demonstrating the connection between an event (or action) and its supporting evidence from the literature. The fourth level, namely contextual reflection, suggests that an entry should include a consideration of different views and a comparison of those views with one's own point of view. Critical reflection is known as the highest level of reflection, which contains in-depth analysis of one's own experiences from multiple perspectives and relates the experiences to future learning. In Hegarty's (2011) study, descriptive reflection and explanatory reflection were found most frequently but the rest were rarely found. This finding is consistent with that of McNeill et al. (2010) , pointing to the need for promoting students' understanding of critical reflection. Ryan and Ryan (2013) proposed a classification framework for reflection, namely 4Rs, intended to enhance students' lifelong learning skills and professional practice in higher education. The framework distinguishes four levels of reflection: reporting and responding, relating, reasoning and reconstructing. The levels vary in complexity of thinking, ranging from lower-order thinking skills (e.g., reporting an incident and responding to it by making observations, expressing opinions or asking questions) to higher-order thinking skills (e.g., reconstructing for reframing future practice or professional understanding). Ryan and Ryan (2013) emphasised that reflective writing is never straightforward, and its success requires pedagogical support with reference to an effective evaluation framework. Ryan (2011) suggested an approach of teaching students how to compare and contrast the features of critical reflection with those of descriptive reflection. Power (2012) adopted a similar approach, where students were asked to individually identify and colour-code critical reflection in their reflective entries, followed by a face-to-face discussion with the class teacher on the colorcoded sections. He found that this approach could encourage students to develop self-directed learning skills, and also provide the teacher with an opportunity to give timely, personalised feedback on students' reflection. He also noted that, however, this approach may have a significant impact on teacher workload, especially in a large class. A possible way to address this problem would be to capitalise on technology advances to assist the ongoing process of evaluation and feedback.
Automatic classification of student texts
Latent semantic analysis (LSA) is a computational approach used to determine document similarity in the field of information retrieval. It is known as a method to extract and represent the contextual-usage meaning of words by applying statistical computations to a large corpus of texts (Landauer, Foltz, & Laham, 1998) . The underlying concept of LSA is to first aggregate all word contexts where a word does and does not appear, and then to generate a set of constraints that largely determine the similarity in meaning between two words or groups of words. The constraints will be solved by linear algebra methods like singular value decomposition (SVD), and the solution will be used to guide the judgement of meaning similarity between words or documents.
LSA starts by counting the frequency of each term (word) in each document of a text corpus, and subsequently constructs a term-document co-occurrence matrix where cell(x,y) contains the term frequencyinverse document frequency (tf-idf) weight of the term x in the document y. The next step is to divide the term-document matrix by SVD into three matrices, of which one is a diagonal matrix. Small singular values in the diagonal matrix are eliminated, and the corresponding rows and columns in the other two matrices are ignored. As a result, the original term-document matrix can be transformed into a lower-dimension matrix. This truncated term-document matrix represents the correlational structure between terms and documents in a lower-dimensional semantic space. For automatic classification, a new document will firstly be transformed into a vector of features in the semantic space. The cosine similarity between the vector for the document and that for each known document in the corpus will then be calculated. In extreme cases, the similarity value between two documents is 1 if they are identical and 0 if they are completely different. A new document will be classified into the category of a known document if their similarity is highest among others.
LSA has successfully been applied to text classification for educational purposes such as grading student essays based on their content (Jorge-Botana, León, Olmos, & Escudero, 2010; Lemaire & Dessus, 2001) , evaluating brief summaries of narrative and expository texts (Olmos, León, Escudero, & Jorge-Botana, 2011) , assessing free-text answers with reference to standard solutions (Pérez-Martin, Pascual-Nieto, & Rodriguez, 2009 ) and providing adaptive feedback on student summaries in intelligent tutoring systems (He, Hui, & Quan, 2009; Kintsch et al., 2000) . The studies reported that there was a high level of agreement between LSA and human judegments (with a coefficient of correlation close to or greater than 0.70), indicating that LSA could provide a good simulation of human performance in classifying student texts.
Proposed approach for classifying reflective skills in L2 learning
Classification framework Chau and Cheng (2012) introduced a framework called A-S-E-R to classify students' reflective skills in L2 learning by analysing their reflective entries. Four key elements of reflective skills are considered in the framework: analysis, reformulation and future application; strategy application; external influences; and report of events or experiences. Each element is further divided into four hierarchical levels, progressing from level 1 (i.e., developing) to level 4 (i.e., competent). An identified category is denoted by an element's symbol and a level. For example, S4 represents level 4 on the scale assessing strategy application (S), indicating a critical analysis on the effectiveness of applied or alternative strategies for language learning. This study adopted the A-S-E-R framework to discriminate between levels of reflective skills with respect to L2 learning. Details of the classification framework are illustrated in Table 1 . Table 1 The A-S-E-R classification framework (adapted from Chau & Cheng, 2012 
Report of events or experiences (R):
To report significant aspects of events or experiences R4: Detailed and analytical report Report significant aspects of the experience and make connections between language knowledge and skills gained from the experience R3: Detailed report Report significant aspects of the experience and identify language knowledge and skills gained from the experience R2: Coherent report Report some aspects of the experience and highlight language learning issues arising from the experience R1: Disjointed report Briefly report the experience with little relevance to language learning Figure 1 illustrates the design of the automatic system for classifying students' reflective L2 learning skills in this study. The system was implemented using Natural Language Toolkit (NLTK) in Python (Bird, Klein, & Loper, 2009) . It comprises the following four processing stages:
Automatic classification system
(1) Compiling a corpus of annotated texts: The final corpus used in this study was compiled from 748 reflective entries created by 398 students during the academic years 2013-14 and 2014-15. The total length of the reflective entries is 178,772 words (or 10,002 sentences), with an average length of 239 words (or 13 sentences) per entry. Based on the A-S-E-R framework, each entry was manually and independently annotated by two researchers. Differences in annotation results between the researchers were identified and discussed to reach a consensus on the annotation standards. The basic unit of annotation was either a single sentence or an aggregate of consecutive sentences signifying the emergence of a category. If a unit has the properties of more than one category, it will be labelled with multiple categories. Figure 2 shows a sample annotated text where each unit is marked up with more than one category. (2) Pre-processing texts: Data pre-processing is performed to first remove words with little or no semantic value, and then to transform meaningful words into a standardised form for further processing. The tasks include spelling correction (i.e., to correct misspelled words), tokenisation (i.e., to tokenise annotated sentences into bags of words, where each bag represents one category), stop word removal (i.e., to filter out non-essential terms like punctuation marks, numbers, non-letter characters, and meaningless words such as "the", "is", "in" and "on"), and stemming (i.e., to convert terms into their root forms, like converting "connection", "connective" or "connecting" into "connect"). (3) Selecting features: The process of feature selection is carried out to extract significant features from each bag of words. It starts by counting the frequency of each word (term) in a bag of words that corresponds to a certain category. LSA is subsequently applied to build a vector of term weights for each category, to generate a term-by-category matrix for representing a N-dimensional feature space where N is the total number of distinct terms, and to truncate the matrix for capturing the latent semantic structure of different categories in a lower-dimensional semantic space. (4) Classifying a new text: Every sentence of a new reflective entry is represented by a vector of term weights in the feature space. At the sentence level, a sentence s is classified into a category c if the cosine similarity between the vectors for c and s is greater than the average similarity between the vectors for c and the training sentences labelled with c. As such, it is possible for a sentence to be labelled with more than one element (e.g., A and S). For each element, however, a sentence will only be assigned a level (e.g., A1 or A2) that yields the highest similarity value. At the entry level, a piece of reflective writing will be assigned a weighted average level for each element based on the classification results of its constituent sentences. For example, Figure 2 shows a sample text containing one occurrence of R2 and one occurrence of R3. The weighted average level of R is computed by adding up all annotated levels of R (i.e., 2 + 3 = 5) and then dividing the sum by the total number of occurrences of R (i.e., 1 + 1 = 2). As a result, the rounded answer is 3 and the sample text will be categorised into R3. 
Research method
Context of study
This study was carried out as part of a government-funded project, namely Automatic Classification Techniques in Virtual Environments (ACTIVE). The project was proposed in response to the aforementioned concerns about students' understanding of critical reflective skills as well as teachers' workload in assessing and giving feedback on reflective writing. The main purpose of the project was to explore the effectiveness of using technological methods to address the concerns in the context of L2 learning. This study was specifically designed to meet this purpose with aims of developing a web-based automatic classification system to generate automated feedback on student reflections and examining students' attitudes about using the system to facilitate the development of critical reflective skills. Prior to the study, an ethical review application was approved by the university. An informed consent form was designed with a clear description of the purpose of the study and what each participant was expected to do in the study.
The study took place at the English Language Centre (ELC) of the Hong Kong Polytechnic University during the academic years 2013-14 and 2014-15. Since 2007, the ELC has developed a web-based e-portfolio platform (http://eportfolio.elc.polyu.edu.hk/) to promote independent L2 learning in its English language enhancement courses, where students have the opportunity to develop, self-evaluate and reflect on their L2 learning experiences. Participants of this study were students enrolled on a 13-week, credit-bearing language enhancement course entitled Advanced English for University Studies (AEUS). The AEUS course aims to help learners study more effectively in the university's English medium learning environment and to improve and develop their English language proficiency. In the course, students are required to (1) plan, research for, write and revise a position argument essay; (2) present and justify views effectively in a mini oral defence; and (3) reflect on their English learning experiences and achievement and document the reflection in written form. A written reflective entry should be a minimum of 170 words and be submitted to the e-portfolio platform every 3 or 4 weeks. Failure to meet this requirement results in a grade deduction.
Participants
During the 2013-14 and 2014-15 academic years, 466 students (223 males and 243 females) taking the AEUS course voluntarily accepted an invitation to participate in the experimental study. At the beginning of the study, all participants were asked to sign an informed consent form and fill in a demographic data collection form. 
Measures
Performance evaluation of the automatic classification system By definition, accuracy measures the proportion of classifications that agree with the manually annotated results in the testing data set (Witten, Frank, & Hall, 2011) . It was used to evaluate the effectiveness of the automatic classification system at the entry level. Beside accuracy, Cohen's kappa (K) was also used to measure the agreement between human and machine annotation, while taking the possibility of chance agreement into account (Landis & Koch, 1977) .
Additionally, five-fold cross-validation was applied to evaluate the overall performance of the automatic classification system. During the cross-validation, all annotated entries in the corpus were randomly split into five equal-sized groups. Four groups were used as training data while the remaining group was used as testing data. This process was repeated five times until all groups were used for both training and testing purposes. The overall result was calculated by averaging the individual results derived from the five iterations.
Students' attitudes towards using the automatic classification system to support reflection An online questionnaire was designed to solicit students' attitudes towards using the automatic classification system to support reflection. The questionnaire consists of seven self-report items. The first five items are fixed-response questions, of which the first two concern the number of entries submitted and feedback received. The next three measure levels of agreement on the effectiveness of the feedback and willingness to receive the feedback again using a 5-point Likert scale. The last two items are open-ended questions which allow students to provide their written comments. Details of the questionnaire items will be discussed in the ensuing section.
To cross-validate the questionnaire results and to elicit further views on the automatic classification system, participants were invited to attend a focus group interview. The interview protocol comprises four guiding questions:
(1) Do you think that the automatic classification system can help you improve your reflective writing? (2) What are the main differences between the feedback from the automatic classification system and the feedback from the teacher? (3) What do you like most and least about the automatic classification system? (4) Do you have any suggestions to improve the automatic classification system?
Procedure
In essence, this study can be divided into three different phases: the development phase, the implementation phase and the evaluation phase. All participants involved in the study were first introduced to the A-S-E-R framework. A total of 127 students participated in the first phase, namely the development phase. This phase was initiated in the academic year 2013-14 to compile a corpus of manually annotated reflective entries and to build up an online system, namely ACTIVE (http://gp.ied.edu.hk/active), for the provision of automatic classification and feedback. The second phase, namely the implementation phase, involved a total of 339 participants studying the AEUS course during the academic year 2014-15. Participants in this phase were granted access to the ACTIVE system and they were also encouraged to use the system to generate feedback reports on drafts of their reflective entries. A feedback report contains four sections, including annotated entry, scoring and descriptors, remarks on total score and suggestions for improvement (see Figure 3) . The final phase, namely the evaluation phase, started at the end of the AEUS course. In this phase, an online questionnaire was administered to the participants involved in the implementation phase and six interview sessions were arranged. Twenty-seven participants were randomly selected to attend the interview in order to share their views and experiences towards the ACTIVE system. 
Results and discussion
Performance evaluation of the automatic classification system
As stated earlier, a corpus of reflective entries collected from participants were manually annotated. The quality of the reflective entries varies among participants. The following is a sample reflective entry written by a student with good reflective skills, especially in the aspect of strategy application (S): {Most of us may agree that learning a foreign language is a challenging job, especially learning English which is a totally different language system when compared with Chinese. I had a hard time in learning English and disliked English. However, when you find the correct method, you can learn English in an effective way.} A2.
{My strategy in learning English mainly follows the rule of practice makes perfect. I have read a sentence on a book: to learn a language, the best way is to soak yourself in it. This sentence inspired me a lot, as I agree that if you put yourself into the environment with an unknown language, you are forced to learn and speak that language in order to survive in that place. The more you practise that language, the more familiar you will be. The effect must be better than just learning from language books or sitting in classroom.} S4.
{Therefore, I listen to the English radio channel every night and watch English movies with subtitles so as to get used to an English environment and practise listening. Moreover, I read English newspaper instead of Chinese newspaper to practise my reading. I have tried various methods to put myself in an English environment.} S3, R3.
In contrast, a sample of a student's entry shown below does not demonstrate consideration of strategy application (S): {As I caught an infectious disease before week 1, I was not supposed to go anywhere and so I did not attend the first English lesson. I was rather nervous before attending the lesson in week 2 since I did not know any classmates. But instead of feeling awkward, I found myself enjoying the lesson. {Although the topic 'research' was not really my favourite type of study, the way that all of us interacted in class was relaxing and enjoyable.} A1. }R1.
{I had a great time in class but somehow I feel pressure when thinking about the course. The content and assignments of the course are quite challenging. The essay we need to work on is an obstacle to me because every single word I use should be selected very carefully.}A2. {But I know that I am not alone. My classmates are doing exactly the same thing as I do. I am going to overcome all the obstacles with unflagging determination.} E1. Hope that everyone in the class will work hard and play hard together this year.
As also expected, some students might reflect on their experiences beyond the context of L2 learning. Their entries would thus be unclassified according to the A-S-E-R framework. A representative student sample is given as follows:
It was finally the last week of my first semester in university. During these 14 weeks, I have been worried, anticipated, moody and even anxious about the quizzes, assignments, presentations and tests of all the subjects. But at the end of this week, I realised that all of these components enriched my university life. I would also like to point out that there are actually quite a lot of differences between my expectation and the reality.
People always claim that university is a place with great freedom and what we have to do is to enjoy our youth there. However, they never tell that when we are enjoying more freedom, we ought to take more responsibilities. For instance, while I tried to skip class, I had to spend more time on self-study consequently. While I did not hand in assignment on time, I had to bare the consequence of losing some proportion of marks. There are always consequences to take and be responsible of.
In this semester, I started to get used to the life and systems of university. I might not do all my best in all courses, but the semester was more likely a great experience for me to have better management skill for next semester.
The corpus of reflective entries were automatically annotated by the ACTIVE system. Table 3 shows the confusion matrix and Cohen's kappa (K) obtained from the five-fold cross-validation on the corpus to assess the performance of the ACTIVE system. For each element of reflective skills (i.e., A, S, E and R), four hierarchical levels (i.e., 1, 2, 3 and 4) are included in the column and row headings together with an unclassified level (i.e., 0). The value at row A and column B of the confusion matrix represents the number of reflective entries classified into category A by human and category B by machine. Hence, the diagonal values of the matrix represent the numbers of matched results between human and machine annotation. As can be seen from Table 3 , the results of human annotation are mostly consistent with those of machine annotation. This finding indicates that the performance of machine annotation is comparable to that of human annotation. Furthermore, the agreement between human and machine annotation is found to be substantial because all K values in the table are within or close to the range of substantial agreement (0.61-0.80) (Landis & Koch, 1977) . R0  90  0  3  1  0  R1  18  142  11  1  0  R2  26  11  144  33  0  R3  26  0  30  199  3  R4  2  0  0  4  4 Table 4 compares the classification accuracy of the ACTIVE system with two commonly used baseline methods, namely naïve Bayes (NB) and binary relevance (BR). NB is a simple probabilistic classifier based on Bayes' theorem, which assumes that the features in a class are independent of each other. This method is particularly efficient and useful for classifying texts from very large datasets (Sebastiani, 2002) . BR is a fundamental approach to address the multi-label classification problem, which constructs a set of binary classifiers to distinguish one single class from all other classes (Tsoumakas, Katakis, & Vlahavas, 2010) . From Table 4 , it can be seen that the classification accuracy of the ACTIVE system ranges from 72% to 82% over the elements of reflective skills and it outperforms that of the baseline methods. The empirical results demonstrate the feasibility of applying existing technology to the automatic classification of reflective skills in L2 learning with satisfactory performance. Students' attitudes towards using the automatic classification system to support reflection
Results of the online questionnaire
The online questionnaire was emailed to all participants involved in the implementation phase. A total of 203 completed questionnaires were returned, yielding a response rate of 60%. The results of the fixed-response questions and open-ended questions are summarised in Table 5 and Table 6 respectively. Table 5 shows that most respondents (93%) submitted one to three reflective entries in the AEUS course, and a similar percentage (89%) used the ACTIVE system one to three times to generate feedback on their reflective entries. Only a minority (less than 8%) did not submit their reflective entries or use the ACTIVE system. When asked about the quality of the feedback offered by the system, about 70% of respondents agreed or strongly agreed that the system's feedback could help them identify the strengths and weaknesses of their reflective skills in L2 learning. Nearly the same number of respondents (67%) agreed or strongly agreed that the system's feedback could help improve their reflective skills in L2 learning. To a large or full extent, a substantial percentage (65%) were willing to continue to receive the system's feedback on their reflective entries in the near future. In addition to the fixed-response questions, two open-ended questions were asked in the questionnaire to elicit respondents' views on what they like and dislike most about the ACTIVE system. Table 6 shows the questions, students' response categories, descriptive statistics and examples. A total of 58 respondents gave 74 written responses, of whom 57 and 17 were the answers to the first and second questions respectively. As shown in Table 6 , the answers to the first question identify students' most favourite features of the system: (1) comprehensive and detailed comments; (2) convenience and ease of use; and (3) facilitation of reflection. On the other hand, the answers to the second question point to students' least favourite features of the system: (1) brief comments and suggestions; (2) incapability to fully understand human language; and (3) unclear scheme for scoring reflection. • Suggestions are not concrete enough.
• The comments given are a bit too general. L3: Unclear scheme for scoring reflection 5 29.4
• I do not know how to mark my reflection.
• Sometimes I don't understand how it marks my reflective journals. Table 7 shows a 3 x 3 contingency table of frequency counts according to the response categories identified in the two open-ended questions. Row percentages of the counts are given in brackets. As illustrated in Table 7 , there were 16 respondents answering both questions. Due to this small sample size, the Fisher's exact test was employed to analyse the cross-tabulation. The test result suggests that there is no evidence indicating an association between the response categories for question 1 and those for question 2 (p > 0.05). However, students who were in favour of a specific feature tended not to report a particular problem. This finding can be attributed to the contrast between two opposing categories. For example, it can be seen from Table 7 that students who liked M1 (comprehensive and detailed comments) did not raise concerns about L2 (brief comments and suggestions) and L3 (unclear scheme for scoring reflection). This result is reasonable because L2 is exactly the opposite to M1 while L3 is quite inconsistent with M1. A similar explanation can be used to interpret the result that students who liked M3 (facilitation of reflection) did not raise concerns about L3. If students really found that the ACTIVE system could facilitate reflection, it was likely that they could easily understand the scoring scheme and identify the aspects with low scores for improvement in their next reflection. As seen in Table 7 , students who reported different favourite features (M1 to M3) of the ACTIVE system shared a common problem of L1. This is understandable because using computer technology to interpret human language is never error free. Given that the design of the ACTIVE system was based on the extraction of common features shared by a limited set of reflective entries, the occurrence of uncommon features that cannot be captured by the system may cause misinterpretation. The second and third problems (L2 and L3) identified by some students, however, do not coincide with the favourite feature (M1) identified by some other students. Such a discrepancy warrants further investigation, as discussed in the next section.
Results of the focus group interview
Qualitative data was mainly obtained from six post-event interview sessions with a total of 27 participants (S1 to S27, 17 females and 10 males) chosen randomly. Each session lasted approximately 30 to 45 minutes. All interview sessions were audio-recorded, transcribed verbatim, summarised and thematically categorised using thematic analysis (Braun & Clarke, 2006) . After analysing the interview transcripts, four major themes emerged as significant for understanding students' views on the use of the automatic classification system to support their reflection: elements of reflective skills in L2 learning; scoring for reflection; content of the feedback report; and arguments for and against automatic classification of reflective skills. The themes are discussed below along with student quotes from the interview transcripts.
The first recurring theme expressed by the interviewees is about the benefits of using key elements of reflective skills in L2 learning to monitor and evaluate their reflective proficiency. Although the feedback report on each reflective entry was standardised in its format, it was not in content. Different reflective entries prepared by the same student might be classified into different categories of reflective skills. In this regard, most interviewees (S1-S10, S13-S18, S20-S22, S25-S26) considered the feedback report useful in supporting the improvement of their reflection. Such usefulness can be ascribed to the effectiveness of the A-S-E-R framework in identifying the strengths and weaknesses of students' reflective skills. As an interviewee (S1) observed:
The feedback is effective and helpful because the feedback highlights the strengths and weaknesses in different aspects of my reflective skills in L2 learning. It helps me to see which areas I need to improve on to get into a deeper reflection.
Another interviewee (S2) supported the same view:
The four aspects [A-S-E-R] and their scores in my feedback provide good directions for me to improve the quality of my next reflection. … It is good to see that the sentences in my reflection are labelled with elements and also graded for their levels. The feedback shows my proficiency in each aspect and which type of reflective student I am.
The second theme expressed by some interviewees is associated with scoring for reflection. While most interviewees recognised the usefulness of the system's feedback in improving their reflection, some (S11, S12, S19, S23, S24) were not satisfied with the scores they attained in the assessment of their reflection. They particularly raised concerns that a low reflection score would undermine their motivation and confidence to enhance their reflective entries, so they preferred to receive qualitative feedback only. An interviewee (S11) commented on this:
Actually, I was a little bit disappointed that I got a low reflection score. I did put much effort in drafting my reflection ... I agree that the feedback could point out my weaknesses, but the score could not encourage me to work harder to improve my reflective skills. Given a low score, I just feel that I would not be able to achieve a great improvement in my reflection even though I try to do more.
The third them is about the content of the feedback report. The majority of interviewees (S1-S10, S13-S18, S20-S22, S25, S26) agreed that the feedback report could help identify their strengths and weaknesses in relation to reflective skills in L2 learning. Some interviewees (S2-S5, S13-S16, S25, S26) also appreciated that good examples of reflection were given in their feedback reports. They said that they could learn good reflective practices from those examples and the examples could help them consider how to improve their own reflection. An interviewee (S3) reported:
I like reading the examples given in my feedback report. From the examples, it was easier for me to understand what constitutes a good reflection and how to effectively reflect on my English learning experiences. I believe that the examples would also help other students improve their reflection.
However, a few interviewees (S11, S12, S23) pointed out that the feedback report should provide more specific suggestions on how to further enhance their reflective skills at sentence level. For example, the following interviewee (S23) noted that strategy application (S) is a key element of reflective skills in L2 learning (see Table 1 ) and he asked for suggestions about strategies for L2 learning without a specific context (level 1):
I want to have more feedback about what strategies should be adopted to enhance my English learning ability. The feedback report could suggest something that we can try and do to make progress in developing our reflective skills. For example, talking more with international students may be an effective strategy to improve my English speaking ... I would like to see this type of assistance [effective strategy] offered in the feedback and step-by-step instructions on how to express the suggested ideas in sentences of my reflection.
The following interviewee (S12) echoed the same concern but focused on achieving a higher level of reflective skills: It was clear from the system's feedback that some sentences in my reflection were at a low level [of reflective skills]. However, I had no ideas of how those sentences could be revised to attain at a higher level. It would be perfect if the system could give me specific suggestions on how to modify the sentences, just like the instructions given by the teacher during consultation hours.
Both interviewees hoped that the system could provide detailed instructions on how to modify their reflection at sentence level. Their request, however, is beyond the present capabilities of the system and remains a huge challenge for current technology and research areas like automated essay evaluation (Shemis & Burstein, 2013) .
The last theme is about the arguments for and against automatic classification of reflective skills. Two-thirds of the interviewees (S1-S6, S8-S10, S13-S17, S21, S22, S25, 26) rendered support to the development of the automatic system for classifying their reflective skills. They noted that their teachers were busy and could not afford to provide timely feedback on their reflective entries. To address this challenge, the interviewees believed that applying automatic classification technology into reflective writing can be a feasible alternative. This view was corroborated by the following interviewee's comment (S3):
In the past I had to wait for a long time before receiving teacher comments on my reflective entry. This would stall my progress in reviewing and improving my reflective skills. I found that it was a good experience to use the automatic classification system for preparing my reflective entry. Getting immediate feedback on my reflection was just a click away.
Despite the potential for the automatic classification system to improve students' reflective skills, there was a perception among the interviewees (S7, S11, S12, S18-S20) that machine feedback can only supplement but not replace teacher feedback. The following quotation (S7) illustrates this point:
Although the automatic classification system could provide a timely and systematic evaluation of my reflective skills, I would also prefer to receive teacher feedback because it shows more concerns about my personal feelings and needs. Teacher feedback is also more positive and encouraging, which makes me feel more motivated to keep writing my reflective entries.
Taken together, the analysis of student responses collected by the online questionnaire and focus group interview confirms the benefits of the automatic classification system in supporting the development of students' reflective skills. In particular, the system offers three advantageous features: it is convenient to generate immediate and systematic feedback on student reflection; the feedback highlights one's strengths and weaknesses of reflective skills in L2 learning; and students are provided with good examples of reflection to help them learn reflective skills from others.
On the other hand, the analysis also reveals that there are concerns about the use of the automatic classification systems for self-reflection. They include the demotivating effect of giving a reflective entry a low score; the need for providing more specific suggestions on how to improve reflection; and the indispensable role of teacher feedback in caring about the feelings of students and encouraging them to continue with the practice of reflective writing. The qualitative results clearly show that both teacher and machine feedback have their own strengths and limitations. Teacher feedback could be specific and encouraging, but could also be slow, inconsistent among teachers and occasionally unavailable for many reasons. Machine feedback could be quick, consistent and always available on request. However, it could also be general and rigid. In this connection, there is no single type of feedback (teacher or machine) that can best suit the needs of all students. This issue underscores the need to explore the use of multi-channel, multi-layer feedback in improving students' reflective skills.
Implications and future work
The results of this study have two implications for researchers and practitioners of technology-assisted reflective learning. First, this study contributes to the development of an automatic classification system for generating immediate and individualised feedback on students' reflective skills in L2 learning. It lends further support to the view that technology could play a beneficial role in the process of evaluating the quality of student submissions and then providing automated feedback on them. The findings of this study indicate that the classification accuracy of the ACTIVE system is comparable to that of human annotators. Additionally, they show that the ACTIVE system can provide students with immediate feedback on their reflective entries and with opportunities to make revisions to the entries at an early stage before receiving teacher feedback at a later stage. Researchers can further explore this research direction to gain insights into how the automatic classification technology can support and enhance the feedback process within different learning contexts.
Second, this study also adds evidence to confirm that most students see the potential and benefits of automated feedback on their reflective entries. Specifically, they find the feedback helpful in systematically identifying their strengths, weaknesses and areas for improvement according to the A-S-E-R classification framework. With a high level of classification accuracy, this kind of feedback would furnish students with evaluation results to reflect upon their own learning. Given that the automated feedback can be generated at different points of time, students can monitor and review their progress towards some particular goals. They can also adopt repair strategies to adapt to the attainment of the goals. In the long run, the formative development of reflective skills would be facilitated through a self-directed, technology-assisted and performance-based learning process. To validate the positive role of the automated feedback, its impact on the quality of students' reflective entries and on their academic achievement will be investigated in future research.
Conclusion
The results of this study indicate that the ACTIVE system could achieve a satisfactory level of classification accuracy over the key elements of reflective skills. This finding not only suggests that the results of machine classification could be substantially consistent with those of human classification, but also demonstrates the feasibility of using existing technology to automatically evaluate and classify the reflective skills of ESL students. In addition, the results show that students were generally satisfied with using the ACTIVE system to receive immediate and systematic feedback on the strengths and weaknesses of their reflective skills. However, the results also indicate that the automated feedback cannot replace teacher feedback. Some students reported that teacher feedback was very important for them to continue with the reflective practice because it could provide them with tailor-made advice, care and encouragement. The overall results of this study validate that both machine feedback and teacher feedback play their unique roles in meeting various needs of students. For this reason, researchers and practitioners should consider how to integrate both feedback types into the process of reflection in order to maximise the improvement of students' reflective skills in L2 learning. In a broader sense, the findings would contribute to stimulating dialogue and advancing further work to explore the use of multi-channel, multi-layer feedback in improving reflective learning.
As with all research, there are limitations in this study and some are noted here. First, the sample was taken from a single university in Hong Kong. In order to generalise the findings, more studies should be carried out across different universities in both English-speaking and non-English-speaking countries. Second, the reflective entries used in this study were collected from an English language enhancement course only. Research can also be undertaken across various professional development programmes (e.g., teacher education and nursing) in which critical reflection is considered a highly valued ability for practitioners. Third, this study focuses on exploring the accuracy of the automatic classification system as well as the benefits and limitations of the automatic classification system perceived by students. Research can be conducted to further investigate the impact of the system on the quantity and the quality of students' reflective entries. The impact of the system on students' persistence in their reflective practice and on their academic achievement can also be explored in future studies.
